Summary Meiotic studies were carried out in 14 wild accessions of Lavatera cachemiriana, an important medicinal herb, collected from various localities of Kashmir Himalaya. The selected plant has anti-cancer and anti-bacterial properties and could prove beneficial in phyto-pharmacological research for the discovery of new therapeutic drugs. At present, male meiosis, microsporogenesis and pollen grain studies have been carried out in various populations of L. cachemiriana collected from different altitudinal zones of Kashmir Himalaya. All the presently worked out accessions share the same meiotic chromosome number n=21. The meiotic course in all the populations is found to be abnormal. The meiotic irregularities like stickiness, interbivalent connections, unoriented bivalents, laggards, bridges, non-synchronous disjunction (early and late disjunction), and formation of micronuclei leading to abnormal microsporogenesis were investigated for the first time for the species that existed at diploid level (2n=42). Consequently, variable sized fertile pollen grains and considerable amount of sterile pollens were the result. The abnormal meiosis coupled with pollen sterility has great influence on the reproductive potential and survival of this endangered species.
Medicinal and aromatic plants are among the key natural resources of the Himalayas and have long been extracted both for local use and trade (Thomas 2002, Olsen and Larsen 2003) . Kashmir Himalaya is often referred to as Terrestrial Paradise on Earth as it supports a rich and spectacular biodiversity of great scientific curiosity and promising economic benefits.
Lavatera cachemiriana Cambess. belongs to the family Malvaceae and is commonly known as Kashmir Mallow and Sazposh in Kashmiri. It is a beautiful tall perennial plant growing to 2.4 m in height, endemic to Kashmir, which forms a large bush of slightly fuzzy ivy shaped leaves and medium-sized solitary funnel-shaped pinkish flowers. It is primarily found in sunny humus rich meadows and forest clearings in the temperate to sub-alpine belts of Kashmir Himalaya and adjoining areas. This perennial herb, known for its potent medicinal properties, is facing ruthless over-exploitation and is included in the endangered category (Kaul 1997, Molur and Walker 1998) . The diverse active ingredients of the plant parts are being utilized as therapeutic components since time immemorial in both organized (Ayurveda, Unani) and unorganized (folk, tribal, native) forms. Extracts of roots, leaves and flowers of L. cachemiriana are widely used in many Unani medicinal preparations.
It is supposed to be used in throat problems. The herb is given as a mild laxative. Paste of dried flowers in milk is used for treatment of mumps in children (Malik et al. 2011) and decoction of flowers is used to cure skin irritation in pregnant women (Mir 2014 , Ganie et al. 2013 . Various plant extracts of L. cachemiriana are also known for their anti-inflammatory, analgesic, antibacterial and anti-cancer activities (Rakashanda et al. 2012) . Seeds contain protease inhibitors, which have anti-proliferative activity against human lung cancer cell lines (Rakashanda et al. 2013) .
It is imperative to understand the distribution and conservation status of medicinal plants in their natural habitats, owing to their increased demand and value. The selected species was once growing abundantly in temperate and sub-alpine areas of Kashmir Himalaya. However, due to its medicinal importance the plant is being overexploited by the local inhabitants as well as traditional medicine practitioners and hakeems. The populations of this plant are declining sharply and now have limited distribution and grow mostly in open grass lands and rocky substrates in the wild at an altitude of 1550-2800 m. The major threats to the plant that affect its well-being in the wild include overexploitation, harvest for medicine, trade (local, domestic & commercial) , loss of habitat, fragmentation, and trampling by herbivores. Thus, there is urgent need for conservation action to be taken to ensure that the plant is conserved in the wild and that its habitat is safe. The study of male meiosis in such threatened species can provide valuable information for the identification of obstacles threatening the viability of populations.
Materials and methods
Materials for meiotic study were sampled from as many as 14 different wild populations of L. cachemiriana, inhabiting different altitudinal zones in the Kashmir valley during May to July. The voucher specimens of cytologically worked out specimens were deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN). For meiotic chromosomal counts the young floral buds were fixed in Carnoy s fixative (6 : 3 : 1) alcohol-chloroform-glacial acetic acid v/v for 24 h at room temperature and finally preserved in 70% alcohol at 4 C until use. A number of slides prepared from anthers squashed in 2% acetocarmine were carefully examined for chromosome counts and meiotic abnormalities. Pollen fertility was examined using the glycerol-acetocarmine method (Marks 1954) .
Well filled pollen grains with stained nuclei were taken as apparently fertile while shriveled with unstained or poorly stained cytoplasm were counted as sterile. Photomicrographs of chromosome counts, meiotic abnormalities and pollen grains were taken from freshly prepared slides using Nikon 80i Eclipse Microscope.
Results and discussion
Meiotic behavior has been studied in 14 accessions of L. cachemiriana collected from different localities of Kashmir. Morphologically, the plants of all these populations were similar. All the accessions collected from different populations showed the same chromosome number of 2n= 42, as confirmed by the presence of 21 bivalents at diakinesis (Fig. 1) , metaphase I (Fig. 2) , and 21 : 21 chromosome distribution at anaphase I (Fig. 3) . The present report is in confirmation with the previous reports of researchers (Gohil et al. 1981 , Jee et al. 1983 , Khatoon and Ali 1993 . A wide range of meiotic stages were analyzed in several pollen mother cells (PMCs) in each population of L. cachemiriana. All the studied accessions of the populations showed the abnormal meiotic behavior Chromatin stickiness is the most common meiotic abnormality encountered in all the studied populations. It ranged from slight chromosome stickiness to more intense chromatin clusters resulting in clumpy masses. All the studied accessions showed this phenomenon ( Fig. 16 ) with the highest frequency (51.21% PMCs) in Botapathri (2800 m) population and the lowest frequency (19.69% PMCs) in Srinagar (1550 m) population. Chromosome stickiness has resulted in the delayed separation, even lagging of bivalents/chromatids at anaphase I and II in many accessions. Genetic as well as environmental factors have been suggested to cause chromosome stickiness (Nirmala and Rao 1996) . Probably, low temperature stress prevailing at high altitude mountains as suggested by Kumar et al. (2008) and Singhal et al. (2011) is causing stickiness of chromosomes.
The accessions scored from eight populations, namely, Botapathri (2800 m), Gulmarg (2600 m), Aharbal (2400 m), Drang (2300 m), Naranag (2250 m), Dhara (1800 m), Dachigam (1750 m) and Srinagar (1550 m) showed chromosome laggards (Figs. 12, 13 ) and bridges (Figs. 14, 15) at anaphase I/telophase I. The bridges might be attributed to stickiness of chromosomes, interlocking of bivalents (Bhattacharjee 1953 ) and heterogeneous inversions (Rothfels and Mason 1975) . Chromosomal laggards arise either due to lack of synapsis at early prophase I or precocious separation or both (Saylor and Smith 1966 , El-Khodary et al. 1989 , Kumar and Tripathi 2007 . The occurrence of laggards may also be due to failure of chromosome movement or abnormal spindle formation (Tarar and Dyansagar 1980) . Delayed disjunction of bivalents might cause meiotic disturbances such as chromatin bridges and laggards and ultimately reduced pollen viability (Wang et al. 2004 , Kumar et al. 2010 . In the present case, laggards in many cases in meiocytes failed to reach at the poles and often constituted micronuclei during microsporogenesis as earlier noted by Jiang et al. (2011) .
Interbivalent connections were observed in many meiocytes at metaphase I (Fig. 4) with highest frequency of 2.50% PMCs in plants of Harwan (1700 m) population and lowest (1.07%) being in the Shahlaal, Kupwara (1850 m) population. Chromosomal stickiness may be responsible for such associations (Thomas and Revell 1946) .
Bivalents positioned away from the equatorial plate are said to be un-oriented bivalents. In most of the accessions, in 1.12 to 4.22% of the PMCs usually one (Fig. 5) and sometimes two or three bivalents (Figs. 6, 7) fail to orient at metaphase I equator. Such bivalent usually lag and may lead to the formation of laggards and get eliminated as micronuclei during anaphases and telophases. Non-synchronization in the disjunction of bivalents, i.e., early and late disjunction of some bivalents can lead to the formation of gametes with genetic deletions or duplications and also numerical variations in chromosome number. Late disjunction of some bivalents observed at anaphase I (Figs. 10, 11 ) as well as early disjunction of bivalents (Figs. 8, 9) were the common phenomena observed in many populations studied. According to Darlington (1937) such anomalies in the chromosome separation may be due to different rates of terminalisation of various chromosomes of a complement.
By and large, the microsporogenesis was abnormal in many accessions (Table 2 ). In addition to regular tetrad formation, triads, tetrads and polyads with or without inclusion of micronuclei were also observed (Figs. 18-22) . The pollen fertility directly or indirectly is dependent upon the efficiency of the meiotic process. In the present study, meiotic irregularities found in the populations studied resulted in reduced pollen fertility and pollen grains of variable sizes were observed (Fig. 23) . Majority of the pollen grains have a size range between 24.37 25.58 to 29.07 27.81 µm. Due to polyad formation or other abnormalities, up to 10% of the pollen grains were small sized (17.02 18.66 to 21.07 20.82 µm). Well filled pollen grains with stained nuclei were taken as apparently fertile while shriveled and unstained pollens were counted as sterile (Fig. 24) . The data pertaining to meiotic course, pollen fertility and pollen sizes of different accessions studies are provided in Table 1 .
The presently worked out populations have been collected from different locations within Kashmir Himalaya. The accessions belonging to high altitudinal zones (Botapathri, Gulmarg, Aharbal, Drang, Naranag) showed the highest incidence of meiotic abnormality (11.25-18.75%) and lower pollen fertility. The plants studied from different parts of Kashmir valley have shown comparatively few chromosome aberrations (3.64-10.71%) and also up to 89.97% pollen fertility.
The cause of such abnormalities may be environmental, genetic or physiological. These irregularities coupled with pollen sterility may ultimately cause dysfunctional seed production in L. cachemiriana. Being an endemic, endangered and medicinally important species, the knowledge about its meiotic behavior may help in further research on reproduction and genetics of this species for making better strategies for successful conservation, management and sustainable utilization of plant species for future benefits of mankind. 
